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(71) We, Sierra Rhskarch Corpora- 
tion, a corporation organised under the laws 
of the State of New York, United States of 
America, of 247 Cayuga Road, Buffalo, State 

5 of New York, United States of America^ do 
hereby declare the invention, for which we 
pray that a parent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 

10 following statement: — 

The present invention relates lo clock syn- 
chronization systems for cooperative aircraft 
Collision Avoidance Systems (CAS), and more 
particularly to a way of synchronizing and 

15 utilizing the ernstins numerous VOR/DME, 
TACAN and/or VORTAC ground stations, 
without making any changes whatever therein, 
to make these transmit signals for the purpose 
of cooperating with means for synchronizing 

20 the clocks in mobile units with an established 
worldwide time, such mobile tmits being 
assumed to already have distance measuring 
equipment (DME) cooperative with the DME 
located in the above-mentioned ground 

25 stations. 

This invention v/ill be described against the 
background of specificationG i?sucd by uie Air 
Transport Association of America (ATA) for 
a collision avoidance system (CAS) designed 

30 primarily to be used by commercial carrier 
aircraft, in which a network of fixed position 
CAS units are proposed which would ail b- 
velry accurately synchronized together, within 
approximately one-half microsecond.. to 

35 establish a worldwide time system to v/hich 
the aircraft then synchronize themselves. Each 
aircraft which is equipped to participate in 
the system occupies its own time slot of 1500 
microsecond duration in a cycle, or epoch, of 

40 time slots v/hich repeats every throe seconds. 
At a predetermined instant v/iihin ivs ovm 
time ^lot the aira*aft transmits its own CAS 
ranging signal comprising a coded pulse group, 
as "•rvell as other information signals as 

45 described in the specification. Other aircraft 
receiving the ranging signal can determine 
the range to the transmitting aircraft by deioi- 
niining the transit times of such received 



signals as measured by their own clocks. The 
fixed CAS stations in said netv/ork transmit 50 
clock synchronizing pulse groups to mobile 
units during the first time slot in every second 
repeating epoch of time slots, the first such 
slot being designated as slot 0000. The ATA 
speciiication also provides for the possibility 55 
of providing limited equipments for smaller 
aircraft omitting as many of the complexities 
as possible, but retaining limited capabilities 
for operation in a so-called "back-up" mode 
which may be acceptable to some categories 60 
of users. The ATA specification proposes the 
building of a large number of accurately syn- 
chronized ground stations, probably each in- 
cluding an atomic clock, and means for keep- 
ing them mutually synchronized, and further 65 
proposes to add to each fully-equipped air- 
craft and to each ground station a complex 
synchronization system for exchanging pulses 
for the purpose of compensating for the pro- 
pagation delay of the svnchronizing pulse 70 
group which is periodically transmitted by 
the ground station to the aircraft in question, 
perhaps once per two epochs. T^'pical examples 
of the type of sophisticated pulse exchange 
equipment necessary to eliminate the pro- 75 
pagation time delay and thereby achieve 
mobile-unit clock synchronization are shown 
in Patent No. 1,101340, U.S. Patent No. 
3,250,896, Patent No, 1,094,421, Patent No. 
813,170, etc. These are complex and expen- 80 
sive systems. 

Copending patent application No. 11098/69 
rSerial No. 1,250,570V' discloses a unit to be 
carried by an aircraft and used to acquire 
synchronization with ground-station world 85 
wide time in the particular case where there 
happens to be a VOR/DME, TACAN or 
VORTAC located near the svnchronizcd CAS 
ground station, such aircraft using its con- 
ventional DME to measure range to that 90 
station J instead of havin?^ to use the more com- 
plex and expensive prior art pulse-exchange 
systems rxicntioned above. In order to com- 
pensate for the propagation time of the grotind 
St a ti en's synchronizing pulse group to the air- 95 
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Copending patent applicaiion No. 40944/69 
(Serial No. 127S637) teaches that only part 
of the ATA proposed CAS equipment need 
be newly added according to that invention 
wherein existing VOR/DME, VORTAQ and/ 
or TACAN stations are themselves synchron- 
ized to worldwide time and are augmented to 
include suitable means for transmitting coded 
synchronizing pulse groups to aircraft using 
their DME facilities, it being pointed out thai 
there is an important advantage to be derived 
from combining the proposed CAS facility 
with existing VOR/DME, VORTAC or 
TACAN stations because each VOR/DAIE, 
VORTAC or TACAN already includes the 
capability of providing range measurenunts 
to aircraft:, and foirdierniore that most aircraft 
of any size already include the necessary 
mobile DAIE imit required to cooperate with 
these' existing gromid stations. 

The present Invention may retain all of the 
advantages set forth in the above copending 
patent applications, perhaps improving upon 
some cf them. However, the present invention 
recosnises that insofar as aiteranons in exist- 
ing *" VOR/DME, TACAN or VORTAC 
stations are proposed, such changes may ineet 
wath resistance, not for reasons of any technical 
diflicultv, but rather for governmental, juris- 
dictional administrative or cost considerations. 

According to the preser.t invention there is 
provided a clock synchronization system in- 
cluding at least one participating ground 
station of die VOR/DME, TACAN or VOR- 
TAC tvpe, each including a transponder 
responsive to interrogation signals from mobile 
units to provide DME r^ply signals indicative 
of range to the mobile unit?, means for tngger- 
iim such participating ground stations to pro- 
vide mobile unit clock 'synchronization signals 
representing the moments of occurrence of pre - 
determined events in repeating time cycles 
initiated by a master clock moans on the 
groi-ind, comprising: 

fa) interrogating mean= associated specih- 
caliy \yith the participating ground stations 
and operative to iiiterrogaic ilieir transponders 
to trigger^ leply signals theref:om. and 

(b^^acmating menus driving each inierrogut- 
inz aieaii^ and ccnU'Jiied byl^aid mastvf:r cloel; 
means for actuating -ciid interrogating moa;:- 
to trigger predetermined groups 
signals which rre 



.d in lime reJaif'-^nship b 



-'f said re^ 



w^itii respect to said niomen . 
cvclc5 and which groups are uniquely id cat if 



lock svnehi 



able by mobile tiriiis iis 
signals. 

"The ground station ;a::;cro gating 
comprises interrogators which are simU 
v'dual u"'"ts mounted r.;, c" near, parti.ipai:- 
iiig ' VOR/DME, TACAN cr VORTAC 
stations, the interrogators all being syr.chroi:- 
ized to a master-clock worldvi'Ide tiiii:: izzin^ 
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stations interrogations pre-iimed to trigger the 
ground stations to reply at instants exactly 
svnchronized with the rime slots and/or epochs 
of said worldwide time. When properly inter- 
rocjated, anv such transponder ground station 
must repiv,' and its reply can be distinctively 
encoded to shcv/ that it comprises a special 
svnchronization signal, this being acconiplished 
by interrogating the ground station with suit- 
ablv encoded pulse groups. This novel tech- 
nique leaves the existing ground stadon com- 
pletely untouched bv any alteration whatever. 
On the other iiand,' the participating aircraft 
must be provided with means to recognise 
such spe ^ial svnchronization transmissions of 
the VOR/MDH, TACAN or VORTAC 
stations cither bv their coded characteristics, 
or bv searching ai! ilie ground siauon trans- 
rrdssioiis for puhe groups which are mutually 
separated bv^ the predetermined and cstab- 
lislicd repetition rate of the special synchron- 
ization si^jnals, or bv both tcclmiques. 

The L^xact means by vdiich synchronization 
is acliieved in the network of the groiind 
iii;eriouators assoeiaicd widi participating 
VOR/DME, VORTAC or TACAN stations 
forms no part of the present invention, and 
may be the same scheme as would be used 
to ^.-nchronize master ground CAS stations as 
proposed bv the ATA^ specifications. For in- 
stance, ih^ stations might be interconnected 
bv v/ires or bv satellite communication using 
suitable tune delay phasing circuitry, or they 
mieht be svacii^'onized by pulse schemes of 
die" tvpe for instance suggested by Patent No. 
813,170. As a futther alternative, they might 
be synchronized by atomic clocks physically 
carried from one location to another by an 
aircraft, the latter scheme being workable to 
rnan a large uninhabited area, such as a desert 
or an ocean. 

The svSi'Mn described provides means by 
which a:: aircraft can identify iliose signals 
uaiis minted bv a transponder "ground station 
in ?vnchroni?ni with, v/orldv/ide time, while at 
tiie ranu time igiioiing all of the other extra- 
neous signals transmitted by die same station, 
for :i?5tance rcpvcscmmg its own rotating 
nntenria pat.iern signals or reply signals 
responsive to DME niterrogations from other 
aircra.f;:. 

The prior an ;?ro.vidcs a number of systems 
- ^vJiic'i an aircraft can idc!iiify replies from 
-.m.ne traujpondeis of liiis type especially 
when the lepHes are responsive to interroga- 
tion? r.vade by the aircraft itself. These tcch- 
niciues vrc normalh' of the searching or srrcb- 
inc^ v.-.r:e:'v' and are based upon the fact that 
a repiv to an interrogating aircraft stands sub- 
staniiallv siiH in lime with respect to the 
mcn-CiV:; c*" r.v:n;nii^:^i;-n by the aircraft, such 
::::He< ::::rn:-g ar a niomcnr which Is later 
ihr^i i^i.: ::ii;er:-ouvj-.'n transmission by a vir- 
Dnil'' con^'.ari'; lime interval aprro:;imating 
'.w'c: the M*:na! propa^j-uicn time to -he ground 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



120 



125 



130 



BNSDOCID- <QB 1278e3eA_J^ 



1,278,636 



station. In such prior art systems the interro- 
gation repetition rates of all aircraft are made 
different by providing each witli an intentional 
random "jitter" to avoid the possibility that 
5 two aircraft might have their pulse repetition 
frequencies become for a while substantially 
identical whereby one aircraft might mictakc 
ground station replies initiated by trans- 
missions of said other aircraft. 
10 In the system described a participating air- 
craft can identify special synchronization signal 
pulses which were initiated, not by its own 
transmitter, but rather by a ground interro- 
gator transmitter which is synchronized to 
15 world-time. This is a problem because the 
aircraft has no signal, initiated within its own 
equipment, which is necessarily phase-related 
to die synchronization signals initiated from 
the ground station by the latter's associated 
20 interrogator unitj also on the ground. 

This problem may be in two ways, lirst by 
having the aircraft search for ground station 
signals which are spaced apart by a certain 
number of microseconds known la comprise 
25 the spacings of the vvorldwide time-slot and 
epoch events in response to v/hich the interro- 
gator transmits its pulse signals to wliich tiic 
ground stations arc replying; and second, by 
having the ground interrogators interrogate the 
30 transponder ground stations in groups of pulse 
pairs wherein the groups are spaced apart in 
an encoded manner which identifies them as 
bciing synchronizaiion signals. Moreover, since 
the worldwide tim^ is in fact a cyclic series 
35 of time slots which are repeated during suc- 
cessive epochs, the beginning or ending of each 
epoch or number of epochs can be identified 
by dilferently encoded pulse pair groups so 
that the receiving aircraft can synchronize 
40 not only its time slots, but also the successively 
occurring epochs. 

The system described provides relatively 
simple ground-located interrogators which are 
synchronized to worldv/ide time, and each of 
45 which interrogates a transponder ground sta- 
tion at its assigned frequency by which it 
is identified. Furthermore, where ground 
stations are located relatively close together, 
a single interrogator rnay interrogate plural 
50 different ground stations using scvcval trans- 
m-itters operating on different frequencies, such 
an interrogator using the same encoders and 
synchronized time keeping means, but requir- 
ing different delay means by wiiich the several 
55 transmissions can b^^ properly phased lo 
eliminate differences in range from the in- 
terrogator to each transponder starion which 
it interrogates. 

A constructional embodiment of ilie present 
60 invention will nov/ be described, by v/ay of 
example, widi reference lo the accompanying 
drawings wherein : — 

Figure 1 is a composite block diagvnni shov/- 
ing a standard transponder ground station 
65 being interrogated by an associated rixed- 



position interrogator and at the same time 
cooperating widi a mobile: (aircraft) unit to 
provide not only range measurements with 
respect thereto but also worldwide clock syn- 
chronization signals, and the diagram shov/ing 70 
several other ground station interrogators syn- 
chronized to tlie fame master clock; 

Figure 2 comprises a graphical diagram 
showing five collimated pulse traces indicating 
the relative timing of events in the system 75 
according to the present invention; and 

Figure 3 is a block diagram showing in 
greater detail an exemplary pulse recognition 
and synchronization system within an aircraft. 

Referring now to the drawings. Figure 1 80 
shows a typical ground station 10 of the 
general type which includes VOR/DIVIE, 
TACAN and/or VORTAC stations. This type 
of ground station includes a suitable antenna 
12. Figure 1 also shows a master clock 16 85 
representing tiie source of worldwide time and 
connecLed by suitable signal transit-time com- 
pensator means represented in the present 
embodiment by a phasing unit 18 to a ground 
interrogator generally represented by the refer- 90 
ence numeral 20. The master clock 16 is also 
assumed to be connected to other ground 
station interrogators such as the interrogator 
22 and the interrogator 24 w^hich are remotely 
located and arc coupled ta the master clock " 95 
16 by other transit-time compensator units 26' 
and 28. These other interrogators serve to 
interrogate other reimotely located transponder 
ground stations which are not shown in the 
present diagram. lOO 

Referring again to die interrogator 20, it 
includes a clock counter 30 v/hich is precisely 
synchron:"'?:e:: vo die master clock 16 and is 
adequate to count out intervals of time which 
represent tiie moments of ocairrencc of pre- 105 
determined events within each cyclically re- 
pealing epoch of time slots. Assuming the use 
of time slots and epochs specified in the above' 
referred to ATA specification, each epoch 
would be three seconds in duration (with cveicy 110 
other epoch assigned to the ground synchron- 
ization mode) and would be divided into time 
slots eacli of which is 1500 niicroseconds long. 
For illustrative purposes, the present invention 
selects certain arbitrary times within each 115 
epoch as comprising the moments for syn- 
chronization signal iransmissicns, usually the 
boundaries cf certain equally spaced rime 
slots, described in greater detail in connection 
with Figure 2 ok the pre.=:ent drawing. Each 120 
incerrogator, sucli as the inteirogaror 20. will 
interrogate its associated ground station such 
as the station 10 using the RF frequency 
assigned tiicreto, and these interrogations will 
trigger replies from the ground station being 125 
interrogated, the I'epiies comprising transponder 
response.-: occirring at definitely predetermined 
moments wltb.in each epoch. In order to pro- 
vide a iarge number of such synchronizing 
responses from ili.i ground staticn 10, the 130 
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2 tor 20 in die present inustraiive 
v-..«.x.i..w will interrogate the ground station 
once for each eighth-siiccc;ssivc time slot, so 
tliat the ground statioii 10 will deliver syn- 
chronizing puls-s cverv 12,C0O microseconds. 
All interrogations and all resulciug transpciiJcr 
replies by the ground staiion are in the form 
of coded pulse pair? according to standard 
practice in connection with the VOR/DAIE, 
TACAX and VORTAC stations. In the present 
example, three different pulse encoded group- 
ings are used bv the interrogator at dilierenr 
times during the epochs. Every 12,000 micro- 
seconds 'eight time slots) the encoder Xo. 1 
labelled 32 in Figure I interrogates the ground 
station 10 with" a lirst encoded pulfrc paii' 
^roup, for instance cc-mprising one pui^c pa-;r 
of the standard VOR/DME, TACAX and 
VORTAC spacing including two narrow 
pulses spaced apart bv a 12 microiecond 
interval so that a reply puhe pair will be 
delivered bv the ground station 10 :n response 
iheret'v In this way, the boundary between 
each group of eight time slots can be made 
to serve as a svnchronisaiion signal event v.hieh 
the code No. 1 will identify to each aircraft, 
and each such code gr^up will be rraaMnitred 
in svnchronizaticn with worldwide lime bv 
the ground station 10 and will be recognized 
by airborne stations bv its periodicity-. How- 
ever, this code alone would not be adequate 
to indicate the beginning or the ending of an 
epcch and dierefore for tliis purpose, the 
present invention uses two additional codes 



provided bv the encoder no. 2, labeliei 34 in 
the drawing, and tlie encoder no. 3, labelled 
36 in Fi^re L The encoder Xo. 2 provides 
distinctive pulse pair groups during the end 
of the last 12,000 microsecond inter\-al m 
cvexv ctlier epoch marking the end thereof, fnr 
instance the pulse pair groups in diis encoding 
comprising four successive pu»se pairs .iced 
apart bv 200 microseconds. Howeve:-, <i::ce 
there is alwavs the possibility that diese pulses 
might be blotted out momentarily by noise,^ or 
be*^ obscured bv antenna pattern position 
markers or by responses of rhe ground station 
10 to inter-rotations trcvnsmitLer by other air- 
craft in the vicinity, the present invcntioa 
proposes that at die end of die next to !a3t 
12,000 microsecond interval iii 
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nairs be encoded according to 

for instance comprising four pairs ox ^:^:!se•i; 
55 spaced apart bv 220 microsecond nurrvar:. 
These tv.'o dilTerent coded groups cccuning 
near the ending of every second epoch should 
be adequate to provide an aircraft v/ith ck:3ri}" 
recognizable nube codes usable by the latter 
60 to >nark the cvcie of each croch. Ei'ch mterrc- 
cratot' furdicr' includes an RF trai^sinitter 3" 
driving an antenna 39 1ocate:d near llic aiKcnna 
12 and perhaps vpaczd therefrom by r-i 
accurate Iv known distance J. 
65 Since it is desirable that the ground stau^;;: 



10 acruallv transmit its special replies, com- 
prising worldwide time synchronization sig- 
jiab. precisely in synchronism v/ith the divi- 
sion's between time slots and/or epochs, a 
rime compensation must be n:ade in the in- 70 
terrogations, for instance bv proper adjustment 
of the phasing units IS, 26 and 2S, to obviate 
the several delays occurring between the time; 
cf transmission by the nitcrrogator trans- 
mitter 38 of a co:ie pulse group and the 75 
momenc of reply by the ground station 10. 
These delavs include fixed and known trans- 
ponder delavs added to die delay caused by 
die fact that the antenna 39 is spaced from 
the ground station antenna 12 by the distance 80 

The lotai amount of this delay can ther:;- 
fore be determined by adding the s.vstem 
delays and the propagation time of the signal 
d-.rough the distance d lo obtain a total number 
of microseconds bv whicii transmission from 85 
the interrogator 20' must lend replies from the 
ground station 10 in order to have the latter 
uransmiL in precise synclironism with world- 
wide time. When the phasing units 18, 26 and 
2S are properly adjusted, the interrogators 90 
will have their respective clock counters, such 
as the counter 30, counting at such relative 
times that, as a result of their interrogations, 
the corresponding ground stations vvill trans- 
mit their aircraft synchronization signals in 95 
unison. These delays are easily compensated 
at ench interrogator relative to other interro- 
i^ators bv moving the various outputs taken 
from the' clock counter 30 to somewhat earlier 
moments in the counting chain so that the 100 
actual counts used to drive the encoders 32, 
34 and 36 are earlier than the selected syn- 
chronization moments according to the master 
clock 16 bv the aforesaid composite delay 
interval. Thus, the system described so far 105 
provides speciallv encoded signals transmitted 
bv die c;round station 10 to mark the boundar\- 
of each eighth time slot and to mark the 
boundary ef each epocli in a very clear 
m:mner. 

Fif^urc 1 also shows a simphiicd block dia- 
grain' of a svstem located in an aircraft vvhtch 
IS ecjuip'oed' to cooperar.e v/ith the above-dis- 
cussed i^round svstem to synchronize its own 
local time clock witli the master-clock world- 115 
wide I'me. for instance for collision avoidance 
nurposes. The collision avoidance equipmetn 
the aircraft mobile unit 40 is labelled 
41 and is connecied to an antenna 42 of any 
suitable tvpe. The present disclosure v.ill not 120 
furtlier discuss the collision avoidance system 
because the details of the system are of no 
impo:lr.n:e to the prei^ent invention, and be- 
c:iuse diere are a larg^ a umber of such collision 
avoidence systems already described in ^other 125 
paieuLS- It is suihc/en*: to say that the collision 
avoi.h^ncc svsLcm used in iho present invention 
ih: ivpe requiring accurate mobile time 
; bek :yuchronizaiion, and therefore the dia- 
r '^f Figure i ^^hows a local time clock 130 
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inciuding a clock oscillator 43 driving a time 
slot counter chain 44 and synchronized by 
means of a suitable dme clock synchronizer 
45 to the signals received from the ground 

5 station 10 as described above, and as further 
described in connection v/ith Figures 2 and 
3j hereinafter. 

The local aircraft unit also includes a 
standard DME 46 which includes a receiver 

10 and a transmitter both connected to a suitable 
antenna 47 and which further includes range 
determining means which is a pan of the 
standard DME 46 and determines range to the 
ground station, as is well knovv^n per :e in the 

15 prior art. Assuming this to be a digital DME, 
the range determination is delivered by out- 
put on a group of wires 46a, Figures 1 and 3. 
The video output from the receiver within the 
DME 46 is taken out on the v/ire 46^ and is 

20 delivered to a recognition circuit 4S including 
special signal decoders whose details are 
further described in connection with Figure 
3. However, suffice to say for the moment that 
the purpose of the recognition circuit is to 

25 recognize the special synchronization signals 
transmitted by the ground station 10 in re- 
sponse to interrogations from the interrogator 
20, in the presence of othei* signals transmitted 
by that ground station, also in the present of 

30 other spurious signals which may be initiated 
by other sources. There encoded signals are 
delivered on the wire 48^ to a comparator 
circuit 49 which compares their time of arrival 
with the momentary count in die time-clock 

35 counter 44 appearing on the wire 44a. How- 
ever, assuming the counter 44 is actually syn- 
chronized with worldwide master-clock time, 
the decoded events appearing on the wire 48a 
will be late by a time intc/rval equal to their 

40 travel time to the aircraft from the ground 
station 10. Therefore, before a comparison is 
made in die circuit 49, the local clock signals 
arriving on wire 44a are delayed by an amount 
as determined by the range signals appearing 

45 on the wires 46a. When the comparison has 
been made by the comparator 49, it will issue 
an "early" signal on wire 49a or a 'late" signal 
on wire 49b j and these signals will actuate a 
clock synchronizer 45 for making appropriate 

50 corrections in the: local time clock as will be 
described more fully in connection v/ith Figure 
3. 

Figure 2 shows a liming pulse diagram 
illustrative of the manner in which the interro- 

55 gator 20 interrogates the ground station 10 
and in the manner in which the latter reiplies 
witli suitable coded pulses. The top line of 
pulses labelled A includes two pulses delivered 
by the master clock 16 to indicate \he begin- 

60 nings of every other epoch in the repeating 
time slot cycle. These pulses occur simul- 
taneously with similarly located pulses along 
the line marked B. The pulses on line A are 
six seconds apart indicating the length of two 

65 epochs, but the pulses on line B are 1500 



microseconds apart, indicating individual time 
slots occurring during each epoch. There are 
a large variety of possible* code groups which 
could be used in a system of the present type 
to trigger die ground station 10 in synchron- 70 
ism with CAS worldwide time, and thereby 
produce replies from the ground station which 
would be recognizable in die air by the mobile 
units. For purposes of the present illustration, 
an exemplary set of pulse groups has been 75 
selected for transmission by the interrogator 
20 at precise intervals, namely every 12,000 
microseconds (or eight CAS time slots). On 
line C of Figure 2 are shown the boundaries 
of successive new time intervals of 12,000 80 
microseconds duration. 

As mentioned above, however, the actual 
interrogation of the transponder ground 
station will be made by coded pulse groups 
as required to be recognised by the groimd 85 
station for response, probably pairs. These 
pulse pairs can be generated at exact rates or 
in predetermined groups to make them readily 
identifiable. It will also be recalled that there 
yvere two types of delays involved in the 90 
interrogation, and the reply by the ground 
station, namely inherent transponder delays 
which must be added to the delay caused by 
the spacing d beitween the interrogator antenna 
39 and the ground station antenna 12. These 95 
delays make it necessary to offset in tlie ad- 
vanced direction all interrogations by the trans- 
mitter 38 by a fixed number of microseconds 
and this offset is graphically represented by 
the fact that the markers in line D of Figure 100 
2 are offset to the left with respect to the 
markers of line C, the latter indicating exact 
moments in the CAS time cycle. As mentioned 
above, this is a constant offset and can be 
made simply by altering die logic slightly 105 
which selects the various time intervals in the 
interrogator clock 30 and delivers them to 
enable the encoders 32, 34 and 36 via the 
wires 30a, 30b and 30c* in Figure 1. 

The encoder No, 1 marked by the reference HO 
character 32 delivers pulse pairs having a 
certain spacing as represented at 32' on line 
E of Figure 2, and these pulse pairs generally 
represent the commencement of each eighth 
time slot, except for the two occurring just il5 
prior to the end of every other epoch. The 
encoder No. 3 develops grouped interrogation 
pulse pairs which are mutually spaced by 220 
microseconds and are labelled 34' on line E 
of Figure 2, these pulse pairs indicating the 120 
penultimate group before tlie commencement 
of every other new epoch. Finally, the; encoder 
No. 2 develops the final interrogation pulse 
group labelled 36' which occurs immediately 
prior to the end of every other epoch and com- 305 
prises four pairs spaced apart by 200 micro- 
seconds in the present illustrative example. 
Note that the last pulse in all of these groups 
32', 34' and 36', line E, always occurs in the 
same location as the markers indicated on line 130 
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D in Figure 2 and tlierofore somewhat prior 
to the coinmencemeni- of the worldwide rinie 
event which the pulses are hnended lo mark. 
The'^e pulses are then transmitted by the 
antenna 39 to trigger the ground station 10 
and cause it to transmit pulse groups 3- , 
34" and 36'' as shown on Line F of Figure 
2. It is to be noted that die last pulse in each 
of the double-primed groups coincides with 
the markers on lines A and C of Figure - 
representing worldwide time cycle events, 
namely the beginnings of certain tune slots 
and of epochs. Thus, the synchronization- 
signal pulses transmitted as shown on line Y 
by the ground station 10 correspond in coded 
character with the interrogation pulses trans- 
mitted on line E by the interrogator, but have 
been delayed in time so that they fall exactly 
upon the corresponding events occurring 
according to worldwide master-clock time. It 
is the pulses appearing on line F which are 
then received bv each participating aircratt 
and u^ed for the purpose of synchronizing its 
own time clock as will be described in con- 
nection with Figure 3. , . . k -i:., 
Fi£?ure 3 shows a more detailed biock dia- 
orani representing the ^aircraft) mobile unit 
corresponding to the contents of box 40 in 
Figure 1. The diagram of Figure :> shows a 
collision avoidance system 41 and antenna 4. 
who've operation is timed by a clock including 
a pulse oscillator 43 driving a clock counter 
chain 44. The aircraft also includes a standard 
aircraft DME 46 connected to an antenna 47 
and having two different outputs, namely a 
di<»ital multiple-bit output on the group ot 
wi'res 46a representing the range to the ground 
station, and another wire 46^ brought out 
from the receiver, which forms a part of the 
standard DME 46. The signals on the video 
wire 46Z) include the desired synchronization 
pulse groups, but they also include many 
pulses and pulse groups which are not signi- 
ficant to clock synchronization, such as reply 
pulses transmitted by the ground station 10 
in response to interrogations by other aircratt, 
which pulses are of no interest to the present 
aircraft; pulses which are transmitted by the 
around station 10 in response to interrogations 
transmitted by the local DME -^6, which pulses 
arc processed internally witlim die DME 46 
to obtain the digital range signals appearing 
on wires 46a/ generally noise pulses; and 
pulses which are of signihcance in obtaining 
bearing information such as main reference 
burstsr which pulse groups need no further 
consideranon in the present disclosure. I he 
local aircraft system must be able to extract 
from diese various groups of pulses those which 
relate to CAS time synchronization and 
eliminate the others, and diis is accomplished 
bv the circuitry shown in die central portion 
of Fi°aire 3. The local clock osciUator 43 sup- 
plies on wire 43^? clock pulses occurring at a 
65 5 MHz repetition rate and these pulses are 
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applied through several gates and the wire 
43^ to a counter chain including a counter >0 
winch divides these pulses by a factor of 
7*^00: 1, so that the pulses appearing on the 
wire 5Qa are spaced by 1500 microseconds, 
namely the duration of one time slot as shown 
on line B of Figure 2. The pulses occurring 
with the 1500 microsecond spacing are then 
further applied to another counter 52 which 
divides bv a factor of 8 : 1 to produce pulses 
on the wire 52a which occur ever\- 12,000 
microse^eonds, and each pulse on wire 52^^ 
passes to bistable llip-flop 53 which then en- 
ables an AND gate 55, which when so enabled 
admits clock pulses from the wire 43v/ through 
the wire 55a to the counting input of a range- 
delav counter 54 which is preset via the wires 
A6a lo read the complement of the digital 
lanee and is counted upwardly by said pulses 
from the live megacycle clock oscillator 43 
until the counter 54 reaches overflow, where- 
upon it delivers an output to the gate gener- 
ator 56 and also to turn oJf the llip-flop >3 
and reset the delay counter 54. Thus, the up- 
v.-ard counting of the preset counter 54 is 
commenced bv each arriving 12,000 micro- 
second pulse from the counter 52 and is term- 
inated when the counter 54 overflows. The 
function of the counter 54 is to delay the 
clock count performed in the aircraft by the 
same amount of time that the synchronizing 
pulse from the ground station 10 is delayed by 
travelling to the aircraft. These two times can 
be compared on a comparator 58 to determine 
which occurs first, diereby to determine 
whether the clock in the aircraft is fast or 
slow with respect to the CAS synchronization 
pulses transmitted by the ground station 10 
when interrogated bv its interrogator 20. The 
pate generator 56 generates two time gates, 
coirespondin^ to early and iate times for use 
in the time ^comparator 5S. The time com- 
parator "^S supplies an early or a late output 
on line 5Sa or 5S^ whichever is appropriate. 
The delav counter 54 is used so that when 
coincidence is found, the signal on line 52a 
will be related to the transmitted signal; i.e., 
the propagation delay due to range will have 
been accounted for. cn 

The purpose of the counter ciiain 50, 
and 54 is to perform a searching or strobing 
function in an attempt to locate the special 
synchronization pulses transmitted by the 
ground station 10 every 12,000 microseconds. 
Vvlien such pulse groups are located, the 
counter chain 50, 52 and 54 then locks onto 
them and attempts to maintain synchronization 
therewith. . 

In order to prevent spurious outputs trom 
the comparator 5S as a result of occasional 
coincidences from extraneous signals such as 
reply signals triggered by other aircraft, an 
integrating circuk can be utilized in each of 
the early and late coincidence circuits in the 
lime comparator 58 so that it requires a con- 
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tinuous series of coincidences to croaie an 
output on any of the wires 5Sa or 58^. As 
previously noted, the interrogation rates of all 
aircraft are intentionally "jittered" so onlv the 

5 locally initiated reply signals will occur in 
coincidence gates for significant times. More- 
over, the period of the desired signals is chosen 
so that it is not related to the period of those 
signals that may be generated by the ground 

10 station at a constant repetition rate, and/or 
frequently such as auxiliary reference bursts. 

If neither of the wires, 58a, 5Sb has an 
output, this permits gate 79 to route the 
pulses on wire 68(T through OR gate 80 which 

15 inserts an extra count into counter 50. The 
pulse on wire 6Sa is created by the one shot 
685 which is driven from a divide-by 8 counter 
66 that is driven from the counter 52 as will 
be more fully discussed below. That is, counter 

20 52 is counting intervals of 12,000 microseconds, 
and Gvery eight intervals die one shot 68 
applies a pulse through wire 6Sa to gate 79. 
If sufficient coincidences have not occurred in 
the time comparator 58 so that no signal 

25 appears on either \vire 5Su or 5Sby the gate 
79 will be uninhibited and will permit the 
pulse on line 6Sa to enter the counter 50 
through OR gate 80. Thus, as long as coin- 
cidence does not occur, the counters 50, 52 

30 and 54 are moved or strobed by one count to 
provide a "strobing'* function every eight in- 
tervals of 12,000 microseconds in an attempt 
to locate the special synchronization pulses 
transmitted by the ground station 10 every 

35 12,000 microseconds. Conversely, when such 
pulse groups are located and coincidencef> 
occur in time comparator 58, a signal will 
appear on line SSa, or 58^, and a signal on 
either of these lines will inhibit gate 79 to 

40 prevent the signal on wire 68^f from being 
applied to counter 50, whereby the searching 
or strobing function will be stopped. 

As stated above, when coincidence is de- 
teaed by the comparator 58, an output will 

45 appear on wire 58(r or 5Sby depending on 
whether the coincidences are early or late. If 
the counter chain 50, 52 and 54 is running 
early, it can be slowed somewhat by skipping 
one or more input pulses on the wires 43a and 

50 43^ to the first counter 50, this being accom- 
plished by inhibiting a normally conductive 
gate 62 by providing an inhibit signal on the 
wire 64a coming from the AND gate 64 
enabled by the output on wire 5Sa, namely the 

55 "early" output from the comparator 58. It is 
desirable to make only a small correction in 
the counter chain at any one time and there- 
fore another 8 : 1 dividing counter 66 is driven 
by the 12,000 microsecond spaced pulses from 

60 the counter 52 to provide a corrective count 
pulse only every 96,000 microseconds. A one- 
shot 68 is provided at the output of the counter 
8 to provide a pulse widdi on the wires 6Sa 
of duration long enough to include just one 

65 clock pulse from the main oscillator 43 on the 



v/ire 43a. Therefore, when an early signal 
appears on wire 5Sa, to enable the AND gate 
64, a pulse will be provided on the wires 6Sa 
which will pass througii the gate 64 and 
inhibit the gate 62 just long enough for one 70 
of the main clock oscillator pulses on wire 
43a to be omitted, thereby throwing the clock 
counter chain slightly later in an effort to 
bring it into synchronization with the phase 
of the pulses being decoded by the special 75 
decoder 60 and representing every eighth time 
slot. By this means, as long as the range delay 
count in the counter chain 50, 52 and 54 is 
earlier than the sjaichronization pulse group 
from the decoder 60, the count in the counter gO 
chain 50, 52 and 54 will be made later and 
later in time, until it becomes coincident 
therewith. 

Conversely, if the count in the chain 50, 52 
and 54 is late with respect to the synchroniza- 85 
tion pulse groups being decoded in the de- 
coder 60, then additional pulses should be 
added to the wire 43^ to advance the count 
in the chain 50, 52 and 54 and bring it into 
step. This is accomplished when an enabling 90 
signal appears on the v/ixc 5Sb to enable the 
AND gate 70 and therefore allow a pulse 
from the one-shot 68, when it occurs, to pass 
dirough the gate 70 and through die OR gate 
72, and thereby be applied to die wire 43b 95 
in addition to the normal clock oscillator 
pulses on wire 43a, thereby increasing the rate 
of the counter chain 50, 52 and 54 and tend- 
ing to make it catch up with the synchroniza- 
tion pulse groups being decoded by the special lOO 
decoder 60. When actual coincidence of the 
signals on the wires 56a and 60a occurs, the 
operation from then on will tend to cause the 
comparator 58 to dither back and forther every 
few pulses, sometimes adding a little to the 105 
count of tho chain 50, 52 and 54, and at other 
times subtracting a little from the count of 
the chair 50, 52 and 54, but generally keeping 
in close step with tlie marker pulses being 
decoded by the decoder 60. no 

It is not enough that every twelfth time slot 
be synchronized but in addition the beginning 
of each new epoch must be recognized and 
synchronized. The accomplishment of the 
recognition of each new epoch takes places by 115 
using the counter 74 to divide the 1500 micro- 
second-spaced pulses from die counter 50 by 
a factor of 4000: 1 to produce an output on 
wire 74a once per six second time interval of 
cvery-other epoch, this count serving to reset 120 
the main time clock counter 44 to zero. It 
then becomes a matter of determining the 
correct time slot period in which to make this 
epoch reset, and this is accomplished by taking 
the video signal on the wire 46^> and decoding 125 
it to find the code no. 3 and code no. 2 pulse- 
groups indicating the penultimate and the 
final pulse groups of every other master-clock 
epoch. The next to the last pulse group is 
decoded by the decoder 76 and the last by 130 



BN^pCip- 127 8e36A^ J^ 



L27S,636 



decoder 78, and both of inc5J groups are us^d 
to reset the counter 74 respectively to 12,UUU 
microseconds before the end of the epoch and 
to 0 microsecond at tlie end o£ the epoch. 

5 As a matter of fact, either one of these resets 
would be adequate to determine position \viUi- 
in an epoch, but because of the possibility 
diat one or the other of tliese code No. ^ or 
code No. 3 pulse groups might become 

10 momentariiv lost or obscured by other reter- 
ence pulses" transmitted by the ground station 
10, the use of bodi pulse encoding increases 
the certaimv diat die end of an epoch will 
be properly'' recognized. Thus, the counter /4 

15 is reset to 12,000 microseconds before the 
end of a six second inter^-al by the signal 
appearing on wire 76u\ and the counter 74 is 
a-ain reset, diis time to 0 by the signal appear- 
ing on wire 7Sa, assiiining diat both signals 

20 are present and decoded. If eidier is missing, 
dv- svstem will still operate normally to pro- 
duce a reset pulse on the wire 74a to reset the 
main CAS time slot counur 44 to 0 at the 
beginning of an epoch. . 

25 The earlv-late signals appearing on wires 
5Sa and 5Sb can also be applied to a suitable 
frequencv-control circuit in the clock pulse 
oscillator 43 to drag its oscillation rate sughtiV 
up or slightly down thereby improving the 

30 rate of oscillation always toward synchronism 
of the clock 43—44 with the GAS synchroniz- 
ing pulses being transmitted by the ground 
station 10 in response to interrogations by the 
interrogator 20 as described above. The type 

35 of clock pulse oscillator whose frequency can 
be drajjged by addidon or subtraction of small 
increments of voltage, such as might be ob- 
tained by integrating pulses,, is a suitable voU- 
iige-controlled oscillator which is generally 

40 quite well known in the prior art and is fre- 
quendv used in systems of the present tvpe. 

The^ above specific examples serve to illus- 
trate the invention, but diere are many other 
v/avs in which the aircraft could recognize 

45 synchronizadon signals transmitted by the 
CTOund station 10. The principle of mterrogat- 
fng standard VOR/DME, TACAN or VOR- 
TAC ground stations by an mterrogator 
located neaiby will work satisfactorily with 

50 various odier airborne systems for recognizing 
svnchronizadou pulses which are transmitted 
by the ground station in the presence ot 
numerous reference and DAIE pulses. 

WHAT WE CLAIM IS:— , 
55 1 A clock synchronization system including 
at least one participaung ground station of the 
VOR/DME, TACAN or VORTAC type, each 
including a transponder responsive to interrog- 
ation signals from mobile units to provide 
60 DAIE reply signals indicative of range to the 
mobile units, means for triggering such parti- 
cipating ground stations to provide mobile 
unit clock synchronizadon signals represenung 
die moments of occurrence of predetermined 



everts in repealing time cycles initiated by 65 
a master clock means on the ground, com- 
prising: T n 

^a; interrogating means associated spocihcallv 
v.-ith die participating ground stauons and 
operauve to interrogate their transponders to 
trisrger reply signals therefrom, and 

^b actuating means driving each interrogat- 
in.? means and controlled by said master clock 
means for actuating said interrogating means 
to trigger predetermined groups of reply 
sio^nals which are fixed in time relationship 
with respect to said moments of said repeating 
cycles and which groups are uniquely identi- 
li'able by mobile units as clock synchronization 

signals, • i -a 

2. A svstem as claimed in Claim 1, saia 
interros^ating means each comprising a trans- 
miuer^of pulses associated widi die moments 
of ^aid events, and said aciuadng means having 
means controlled bv the master clock means 
to actuate the interrogating means earlier than 
dit^ occurrence of said events by an increment 
of time selected to compensate iixed delays in 
the ground stauon transponder replies which 
include propagation lime of said interrogating 
pulses to the ground station and inherent 
transponder delays of the latter.^ 

3. A system as claimed in Claim 1, said 
interrogating means comprfsing a pulse trans- 
mitter, and said actuating means comprising 
encoder means for initianng said interrogaung 
means to transmit each interrogation as a 
pulse group coded to identify said events of 
the repeaung cycle to thereby trigger similarly 
coded reply pulse groups, ^, . - • t 

4. A system as claimed in Claim 3, saia 
cycle including repeating epochs of time slots 
and *iaid events comprising momentary' time 
boundaries diereof, and said encoder means 
inidaung coded pulse groups uniquely identi- 
fying at least one of said momentary bound- 
aries in an epoch. . . • 4 

5 A system as clamied in Claim 4, saia 
coded pulse groups including at least two 
different types of coded groups, one t>*pe 
representing boundaries of preselected time 
slots occurring plural dmes during each epoch, 
and another type representing boundaries ot 
successive epochs. 

6, A system as claimed in Clami 3, wherein 
each mobile unit comprises: 

ra^ DAIE means for measuring the range 
to the ground station transponder means and 
deliverim; outputs representative thereof: 

^b". means for receiving said coded-pulse 
clock synchronization signals delayed by the 
propagation lime over said range: 

-^c^ local time clock means including means 
for counting out a time cycle having moment- 
ary events similar to those initiated by the 
master clock and delivering timing signals 
representanve of their occurrence: 

Vd^ comparator means responsive to die 
relative times of occurrence of timing signals 
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and synchronization signals representative of 
corresponding events, and including means 
responsive to said DME outputs for com- 
pensating ilie time of occurrence of one of 

5 the signals for the said propagation delay of 
the synchronization signals, said comparator 
delivering correction signals; and 

(e) means responsive to said correction 
signals for correcung the local time clock 

10 means toward elimination of differences in 
said compensated times of occurrence. 

7. A system as claimed in Claim 6, the time 
cycles of said master-clock and of said local 
clock both comprising repeating epochs of 

15 time slots, and said events comprising 
momentary time boundaries thereof, and said 
pulse groups including first groups encoded 
by said interrogating means to represent 
boundaries of plural preselected time slots 

20 recurring in fixed mutual relationship during 
an epoch; and said mobile unit including first 
pulse group decoder means coupled to said 
receiving means and responsive to recognize 
said first groups and deliver first synchroniza- 

25 tion signals to said comparator means. 

8. A system as claimed in Claim 6, the time 
cycles of said master clock and of said local 
clock both comprising repeating, cyclic time- 
slot epochs, and said events comprising time 

30 boundaries of said epochs, and said pulse 
groups including second groups encoded by 
said interrogating means to represent said 
boundaries; and said mobile unit including 
second pulse-group decoder means coupled to 

35 said receiving means and responsive to 
recognize said second groups and actuate said 
correcting means to commence the counting- 
out of a new epoch. 



9. A system as claimed in Claim 8, said 
second pulse groups representing the end of 40 
the last time slot in an epochs and said pulse 
groups including third groups encoded by said 
interrogating means to represent a time slot 
boundary just prior to an epoch boundary; 
and said mobile unit including third pulse 45 
group decoder means coupled to said receiving 
means and responsive to recognize said third 
groups and actuate said correcting means to 
commence counting out of a new epoch after 

the elapse of the time between second and 50 
third pulse groups. 

10. A system as claimed in Claim 6, said 
mobile unit means including counter means 
driven by a clock pulse oscillator which also 
drives the local time clock means, said counter 55 
means counting out the timing of said events; 
said compensating means comprising a delay 
circuit responsive to said DME outputs to 
delay the issuance of timing signals relating 

to said events in proportion to measured 60 
DME range, and said means responsive to 
said correction signals comprising early/late 
gate means connected to receive the latter and 
responsive thereto to slow or increase the clock 
pulse oscillator rate. 55 

11. A clock sjmchronizauon system sub- 
stantially as described herein with reference 
to and as illustrated by the accompanying 
drawings. 

For the Applicants: 
MATTHEWS, HADDAN & CO., 
Haddan House, 
33 Elmfield Road, 
Bromley, Kent. BRl ISU. 
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